The purpose of this study is to identify the characteristics of freight mode choices made by shippers and carriers with the introduction of a new freight transport system. We set an area in which actual freight transport takes place as the analysis scope and performed a survey of the shippers and carriers that transport containers to identify their stated preference (SP) regarding the new freight mode. The SP survey was carried out through an experimental design and this study considered the three factors of transport time, transport cost, and service level. This study compared and analyzed the models by distance using an individual behavior model. The results of estimating the model showed that the explanatory power of the model classified by distance and the individual parameters have statistical significance. The hit ratio was also high, which confirms that the model was estimated properly. In addition, the range of elasticity and the value of travel time analyzed using the model were evaluated to be appropriate compared to previous studies. The findings of the elasticity analysis show that strategies for reducing the transport cost are effective to increase the demand for the new transport mode. The value of travel time of freight transport was found to be higher than the current value generally applied in Korea. Considering that the value of travel time currently used is based on road freight transport, further research is required to apply a new value of travel time that reflects the characteristics of the new transport mode in the future.
Introduction
In 2015, the modal share of freight transport in Korea (based on ton-km) was 76.2% for roads, 18 .4% for shipping, 5.3% for railways, and 0.1% for air transport, showing that road transport dominated compared to other means of transport. In addition, transport costs accounted for 71.1% of the nation's logistics costs in 2015 [1, 2] . Structural problems continued to increase because of the extremely high proportion of road transport in the freight transport process. Such structural problems include increased inland transport costs, increased traffic congestion costs, increased air pollution and noise, maintenance required due to road damage, and serious traffic accidents caused by freight trucks.
Currently, the land freight transport system can be divided into railway transport, which has not changed much in terms of shape over 250 years, and truck transport, which has a history of about 100 years. However, the need for new freight transport modes, including the intermodal automated freight transport system, in order to overcome the structural limitations of land freight transport has been emerging worldwide.
In Europe and the US, the development of various types of new-concept transport system technologies began in the early 2000s. Recently, these countries have been on the verge of
Consideration of Previous Studies
In Korea, there have only been a few studies on the mode choice model related to freight transport and it is difficult to find studies that have built a mode choice model for new transportation modes ( Table 1 ). Studies that estimate the freight mode choice model in Korea can be classified according to the transport mode and data type. First, the studies that analyze the difference according to the transport mode can be divided into studies that analyze the competitive relationship between commercial and private trucks in road transport [8] [9] [10] and studies that analyze the competitive relationship between transport modes such as roads, railways, and shipping [11] [12] [13] [14] . Meanwhile, if we classify the previous studies based on the type of data, they can be divided into studies that use revealed preference (RP) data to investigate the actual situation [9, 10] and studies that use SP data to implement hypothetical choices [8, [11] [12] [13] [14] . RP survey is intended to identify preferences and demands for existing modes and SP survey is for new modes that do not currently exist.
Recent studies have identified preferences for new transport modes on the basis of hypothetical conditions and have identified a modal share structure for existing modes [11] [12] [13] . Lee et al. (2009) conducted SP surveys for container, steel, and hazardous materials cargos to find the utility function for dual mode trailer (DMT) [11] . Choi et al. (2008) conducted SP surveys for container, cement, and steel cargos under the actual transportation environment, and defined mode choice character [12] . Kim et al. (2008) conducted SP surveys for container and bulk cargo according to changes in transportation time, transportation cost, trans-shipment time, trans-shipment cost, shuttle time, and shuttle cost [13] . Choi and Lim (1999) and The Korea Transport Institute (KOTI) (1998) [9, 10] conducted large-scale RP surveys on shippers to identify preferences and demand for existing alternatives. In other countries, research has been performed for more diverse purposes compared to the research in Korea, such as research techniques, methodologies, competition by modes, and analysis areas. Studies that applied the SP survey techniques to freight transport include Norojono et al. (2003) , Shinghal et al. (2002) , and Fowkes et al. (1991) [15] [16] [17] and methods of integrating SP and RP data to apply them to model estimation have been attempted in the study by De Jong et al. (2001) [18] . In terms of methodology, all of the studies in Korea used logit models, while disaggregate logit models and multiple regression models were used in other countries. Different from the traditional four-step travel demand model, the logit model is a probabilistic choice model which can analyze individual mode choice characteristics because it is estimated using the disaggregate data. The logit model is based on the theory of selective behavior, which is in turn based on the microeconomic consumer theory. The estimation coefficient of the logit model is widely used in the construction of the mode choice model because it is easy to interpret the marginal utility of each explanatory variable. De Jong and Ben-Akiva (2007) used a logit model to analyze the composite transport network when considering a non-selective alternative set of one million alternatives from the Swedish freight volume data [19] . Ham et al. (2005) applied a linear regression model to estimate the coefficient of the logit model using US freight volume survey data for a mode choice model considering road and rail [20] . Bolis and Maggi (2003) investigated Italian and Swiss companies and demonstrated through a logistic regression model that railways can be competitive against road transport by improving the on-time arrival rate [21] . In terms of case studies on the competitive relationship between roads and railways, Norojono et al. (2003) analyzed the modal share characteristics of roads and railways in Indonesia and proposed measures to increase the use of railway logistics and Shinghal et al. (2002) configured a competitive relationship between roads and railways to study the factors of freight mode choice in India [15, 16] . All of the three studies mentioned above used SP survey data and logit models. Although technologies for new freight transport systems are being developed all over the world, there are only a few cases in which freight mode choice models have been built that apply to new freight transport systems in Korea and in other countries. For this reason, it is necessary to develop a new freight mode choice model that reflects changes in the freight transport environment, such as new freight transport systems, to identify the characteristics of choosing the freight transport modes required to make policy decisions on freight transport systems.
Collecting Research Data

SP Survey Design
The individual behavior model is the appropriate model for the research objective to identify the transport mode choice characteristics of shippers. Since the individual behavior model uses disaggregate data, it can reflect the mode choice characteristics of each shipper in the model. This study applied the logit model, which is the most widely used model to configure transport mode choices. Since the data used in the study is intended to reflect changes in the transport environment related to introducing new freight transport modes and to grasp the characteristics of the shippers in a diversified freight transport market, we decided that SP data was more appropriate than RP data.
The SP survey design was oriented toward building a new freight transport mode split model by researching and analyzing the possibility of selecting a transport mode after introducing a new freight transport system as shown in Figure 1 . The SP survey provides individual respondents with alternatives composed of hypothetical situations, each of which consists of factors such as transport cost and time, which represent the mode choice characteristics. For the given alternatives, the respondents may rank, rate, or choose their preferred alternatives. The choice method was widely used in previous studies, so this study used the same method. However, the SP survey was performed by considering the limitations of potential response errors during the investigation process due to composing hypothetical scenarios. Note: *stated preference, **revealed preference, ***heteroscedastic extreme value (HEV) choice model, ****adaptive stated preference.
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The SP survey period was from July to September 2018. As shown in Figure 2 , the survey was limited to shippers and carriers that use Busan New Port and handle containers based in Busan, Ulsan, and South Gyeongsang Province, which are areas near Busan New Port, which is expected to introduce the new freight transport system. As shown in Figure 3 , the SP survey was performed by the respondents choosing a preferred alternative between the two alternatives of road transport mode and the new freight transport mode. The four optional alternatives for freight transport mode include rail transport, road transport, coastal shipping, and air transport. However, since the function of the intermodal automated freight transport system is limited to shuttle transport connecting the port and surrounding areas, the modal share of rail transport, coastal shipping, and air transport is not expected to change even if a new freight transport system is introduced, so this study set two alternatives. As shown in Figure 3 , the SP survey was performed by the respondents choosing a preferred alternative between the two alternatives of road transport mode and the new freight transport mode. The four optional alternatives for freight transport mode include rail transport, road transport, coastal shipping, and air transport. However, since the function of the intermodal automated freight transport system is limited to shuttle transport connecting the port and surrounding areas, the modal share of rail transport, coastal shipping, and air transport is not expected to change even if a new freight transport system is introduced, so this study set two alternatives.
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The SP survey period was from July to September 2018. As shown in Figure 2 , the survey was limited to shippers and carriers that use Busan New Port and handle containers based in Busan, Ulsan, and South Gyeongsang Province, which are areas near Busan New Port, which is expected to introduce the new freight transport system. As shown in Figure 3 , the SP survey was performed by the respondents choosing a preferred alternative between the two alternatives of road transport mode and the new freight transport mode. The four optional alternatives for freight transport mode include rail transport, road transport, coastal shipping, and air transport. However, since the function of the intermodal automated freight transport system is limited to shuttle transport connecting the port and surrounding areas, the modal share of rail transport, coastal shipping, and air transport is not expected to change even if a new freight transport system is introduced, so this study set two alternatives. The choice situation was set according to the transportation distance for connecting the production hub and international logistics hub in the target area. The choice of transport mode may vary depending on the freight transport distance. Therefore, this study investigated the actual transport environment of import and export container items in order to identify the characteristics of choosing modes that vary depending on the representative transport distance. The transport condition was assumed to be one-way transport of one 40 ft container (1 forty-foot equivalent unit (FEU) or 2 twenty-foot equivalent unit (TEU)). Transport distances were divided into distances less than 20 km and distances more than Sustainability 2019, 11, 1209 6 of 13 20 km, taking into account considered route alternatives between Busan New Port and the international industrial logistics complex in the hinterland of the port. This study selected transport cost, transport time, and service level (a significant non-quantitative factor in the freight transport process) as the attribute variables, as these were found to be most important in the freight mode choice models of previous studies. The service level was defined to include the reliability of arriving at the destination at a given time, availability of use when needed, safety of freight transport against damage or loss, convenience of providing information about the location or arrival of cargo, connectivity with other modes, and the potential to smoothly handle future increases in trade volume. The investigators explained these points for the understanding of the participants before the survey. The service level was quantified by dividing the cases into 100% when satisfied, 80% when normal, and 60% when unsatisfied. We used a three-level orthogonal arrays table in the design of the SP survey. Furthermore, the lower limit was set at −20% to reflect the survey finding that carriers and shippers, who were not willing to switch at the time of introducing the new transport mode, were willing to switch when the transport cost, transport time, and service level dropped by 20%. In addition, the upper limit is set to +10% referring to a previous study [12] and level 3, assuming that the transport cost, transport time, or service level will be further increased or improved. The reference value of road transport cost and time were classified into the on-board transport cost and the cost of loading and unloading. First, the on-board transport cost was set as half (84.01 USD) of the round-trip fare (168.03 USD) of Busan New Port based on the 40 ft land transport rate announced by the Korea Trucking Association (2013) [23] and the cost of loading and unloading was set as 53.34 USD per unit, reflecting the market price of Busan New Port. In addition, the on-board transport time was calculated as 1.18 hours per trip (71 minutes) using the average number of container shuttle operations per day (6.5 times) and average operation hours per day (7.7 hours), according to the freight transport market trend in 2017 (third quarter). In terms of the loading and unloading time, we confirmed that 18-25 containers are processed per hour in the field, but this study assumed that 15 containers are handled per hour, so the total time required to load and unload one container is 8 minutes (4 minutes each for origin and destination). In terms of the transport costs of the new transport system, we assumed that the cost of loading and unloading would be the same, while the on-board transport cost would be 90% of the road on-board transport cost. The transport time was calculated as the sum of the on-board transport time, the access/egress from the origin to the terminal and from the terminal to the destination, terminal operating time, and the waiting time. The on-board transport time was assumed to be 40 minutes when traveling the average distance of road transport at 50 km/h, the access time to the terminal was 15 minutes, and the terminal operating time and waiting time were each assumed to be 20 minutes. Table 2 summarizes the levels by attribute variable for each alternative. 
Collecting Research Data
As mentioned above, the SP survey of this study is composed into the preliminary survey and the first and second surveys, as shown in Table 3 . In the preliminary survey, 50 samples were collected for the purpose of revising and supplementing the questionnaire and selecting the survey target. In the first survey, 50 samples were checked to confirm whether the modified questionnaire worked and, after confirming the questionnaire, the second survey of 250 samples was conducted. Among the 350 companies surveyed, 206 companies (59.0%) were carriers and 143 companies (41.0%) were shippers. The main survey was carried out after supplementing and revising the questionnaire following a preliminary survey. Considering the difficulty involved in answering the survey, the investigators visited the participants in person to explain and receive answers. After collecting the questionnaires, we excluded questionnaires that simply repeated the same response or had logically contradictory answers; here, logically contradictory answers refers to surveys in which the participant did not respond to several types of questions presented in the SP experiment, such as when the participant did not fully understand the SP experiment or when the participant had a fixed choice and did not consider the context of the transport mode. We also excluded cases in which personal attribute data, such as the age of the participant and the freight size, were omitted. Table 4 summarizes the data collected through the process above; market segmentation was performed according to the transport distance. 
Estimating the Freight Transport Mode Choice Model
Model Configuration
This study used a logit model as an individual behavior model to estimate the demand for switching freight based on the disaggregate data. The market was segmented according to the freight transport distance; the model is shown in Table 5 . The utility function consisted of transport time, service level, and transport cost as the explanatory variables and the model was configured so that the relative utility of the new transport mode for road transportation can be identified by setting truck transport as a reference. Table 6 shows the results of estimating the mode choice model according to Table 5 . First, the likelihood (ρ 2 ), which indicates the goodness-of-fit of the model, was between 0.32 and 0.41, ensuring a certain level of significance depending on the model. Typically, if the likelihood (ρ 2 ) has a value in the range of 0.2-0.4, the model is usually evaluated to be significant [24] . In general, the mode choice model of freight transport tends to have a lower likelihood than that of passenger transport, because the entities that make up the passage are more complex and lack homogeneity compared to passenger transport. In addition, both the statistical significance (t-value) of the individual parameters and the sign of utility were found to be appropriate. The AutoCon dummy variable has a (+) value, which indicates that the new freight transport mode was preferred over conventional truck transport. These results suggest that the new transport mode has the potential to gain a competitive advantage over road transport. Note: * Significant level 90%; ** Significant level 95%; *** Significant level 99%. Table 7 shows the hypothesis test results for comparing the individual parameters for the models classified according to the transport distance. For transport distances less than 20 km and more than 20 km, we can confirm that, with the exception of the transport cost, none of the explanatory variables are statistically different from each other. Table 7 . Test hypothesis of parameter on distance. We could confirm the statistical significance by testing the hypothesis for comparing the whole model in market segmentation by distance using Model 1, which used the full data set, and Models 2 and 3, which used market segmentation by distance [25] . First, the null hypothesis (H 0 ) and the alternative hypothesis (H 1 ) were set as follows in order to comprehensively compare the estimation results of the model by market segmented subgroups. Here, β x is the vector of coefficients for the market segmented subgroup x by distance. The test statistic used to test this hypothesis is statistic, and the equation is as follows.
Model Estimation and Testing the Results
Model Estimation and Significance Test
Testing the Results of Market Segmentation According to the Transport Distance
where L N β : Log-likelihood function value at the maximum value of the log-likelihood function when using the whole data and L nx β x : log-likelihood function value at the maximum value of the log-likelihood function when using the sample data of the market segmented subgroups. With the likelihood test statistic (X 2 ) 14.2578, which was calculated from the hypothesis test for comparing the whole model in the market segmentation by distance, the null hypothesis was rejected at a significance level of 0.5% and 4 degrees of freedom, so the difference in the vector of the estimated coefficient values between the two groups was clearly significant.
Final Model
This study set the final model as shown in Table 8 through a model estimation process and a statistical testing procedure. The model corresponds to Model 2 and Model 3 in Table 4 , and is classified according to the transport distance. This study presents a model by dividing the mode choice model by distance according to the introduction of a new freight transport mode. In addition, it seems reasonable to present a separate model for each item since the absolute values of the individual coefficients are different, which results in different elasticities. Table 8 . Selected mode choice model by distance.
Model Utility Function
Model 2 U AutoCon = 0.40525 -0.73251·COST + 0.01431·SL -1.84794·TIME
U Truck = -0.73251·COST + 0.01431·SL -1.84794·TIME
Model 3
U AutoCon = 0.39232 -0.55827·COST + 0.01524·SL -1.61219·TIME
U Truck = -0.55827·COST + 0.01524·SL -1.61219·TIME
Evaluating the Applicability of the Model and Interpreting the Results
The model estimated in this study can be applied not only to analyze how new freight modes and trucks change the mode split depending on the competition conditions, but also to provide the basic data required for the process of making policy decisions using models. Elasticity is generally used in the policy-making process and the value of travel time is also used as an index to evaluate the importance of freight transport or the economic feasibility of transport facility investment projects.
Evaluating the Predictive Power and Applicability of the Model
By using the estimated model, we can predict how the modal split will change as the transportation environment changes. For example, when there is a cost change in each transport mode, we can use the model to calculate the new modal split. To accomplish this, we first need to assess how well the estimated model reflects reality. This study uses the hit ratio to achieve this, as the hit ratio refers to the ratio in which the transport mode predicted in the model matches the actual chosen transport mode. Table 9 shows the results of calculating the hit ratio for the optimal model, showing a value between 80.5% and 77.8%. 
Scope of Elasticity and Applicability of Evaluating Policy
Elasticity refers to the degree of change in demand for changes in the explanatory variables and in the freight transport process, the elasticity of transport cost or time is measured for use as data in determining policies. Table 10 shows the elasticity results calculated in this study. Looking at prior studies that estimate the elasticity of freight items in other countries, Winston (1981) proposed a cost elasticity (−0.04~−2.97) and a time elasticity (−0.15~0.69) for road transport and a cost elasticity (−0.08~−2.68) and a time elasticity (−0.07~2.33) for railway transport [26] . Since there are no items directly comparable to this study, we can only compare a rough distribution. In terms of the value of travel time of freight transport in the study by Small and Winston (1999) , the transport cost was −0.04~−2.97 for roads, −0.08~−2.68 for railways, and the transport time was −0.15~−0.69 for roads and −0.07~−2.33 for railways [27] . Looking at the domestic case studies, the elasticity of container transport was studied by Ha et al. (1996) and Choi et al. (2008) . In the study by Ha et al. (1996) , the elasticity of container transport cost was railway (−3.46) and road (−3.81) and the transport cost was railway (−1.90) and road (−1.44) [14] . In addition, in the study of Choi et al. (2008) , the elasticity of transport cost was railway (−2.88) and road (−4.38) and the elasticity of transport time was railway (−1.43) and road (1.74); thus, the elasticity of transport cost was higher than that of transport time [12] . However, both domestic and foreign studies have no data on containers, and have also not established a mode choice model for new transport modes, making it difficult to make an accurate comparison. Table 10 shows the elasticity by model, in which the transport costs in all models regardless of distance was found through an analysis to be much higher than the elasticity of transport time or service level. These results show that reducing fares is a great way to increase freight demand. 
Estimating the Value of Travel Time and Implications
The value of travel time of freight transport can be interpreted as the monetary cost that the shipper or carrier is willing to sacrifice to reduce transport time by one unit. In the model, it is calculated as the ratio between the time parameter and the cost parameter. As shown in Table 11 , the value of travel time was calculated to be 22.43 USD/unit for less than 20 km and 25.67 USD/unit for more than 20 km. In Korea, the value of travel time applied to the economic feasibility evaluation is calculated by using the truck driver's wage level, which is 14.73 USD/unit at the time of this study and 15.29 USD/unit when adjusted by reflecting the consumer price index of 2017 [28] . In Japan and the US, the value of travel time includes the inventory value of the freight in transit and the opportunity cost of the truck in addition to the driver's wage. Particularly in Japan, the value of travel time for freight transported by railway is larger than the value estimated using the wage rate method because it is estimated separately by using SP. In this study, considering the fact that it is a new freight transport mode and working on the premise that the value of travel time of the new freight transport system to be developed will be higher than that of road transport, we can confirm that the derived values are reasonable.
Conclusions
This study developed a new freight mode choice model based on the introduction of a new freight transport system. This is due to the need to develop a separate transport mode choice model according to the introduction of the new transport mode. For this purpose, we investigated the stated preference of the new transport mode for shippers and carriers who actually transport containers. We used the individual behavior model and SP survey data. The SP survey used to acquire data was prepared through experimental design and the attribute variables were transport time, service level, and transport cost. In addition, this study tried to analyze the models by distance. Through this analysis, it was found that the explanatory power and the individual parameters of the model classified according to distance were statistically significant. It also showed a high hit ratio, which proved that the developed model was appropriate. Also, the range of elasticity and the value of travel time were evaluated to be appropriate compared to previous studies. By analyzing the elasticity, this study confirmed that strategies for reducing the transport cost were more effective than strategies for reducing transport time or increasing the service level in order to increase the demand for the new transport mode.
Although this study is meaningful in that it established a freight mode choice model to estimate the freight volume that could be converted from the traditional transport system to the new system after introducing a new automated freight transport system, the research had the following limitations, which need to be addressed in future studies. First, though the changes in freight traffic patterns when introducing a new freight transport system should be considered, this study performed the survey centered around areas near Busan New Port without configuring a separate area of influence. Second, the freight value of travel time estimated in this study was higher than the current value of travel time applied in Korea. Considering that the current value of travel time is based on road transport freight, we need to find a way to apply an estimated value of travel time by reflecting the characteristics of the new transport mode. Third, the transport distance was divided into less than 20 km and more than 20 km through assumption when segmenting the market of the model, but further studies are needed to segment the transport distance by analyzing the competitiveness of the two transport modes by distance. Finally, this study developed a freight mode choice model based on the introduction of a new transport mode, but the developed freight mode choice model has not yet been applied to the real world. We hope that future studies will address these limitations.
